Introduction
system uses the same NIR beam to generate the vibrational spectra of the immobilized cell. The basic steps to obtain the vibrational spectra of living cells using Raman tweezers include the following: (i ) The cells will be illuminated with the NIR beam;
(ii ) The molecules in the cells at a particular state will scatter the incident light in a specific and unique pattern and (iii ) The scattered light will be collected and analysed using a system comprising of lenses and a charge-coupled device (CCD) camera to provide the Raman spectra (detailed in the review by Lambert et al. [21] 
In order to analyse KSHV reactivation, we used PEL cells (BCBL-1 and BCP-1 cells; both of which are KSHV infected human B cells) in this study. PEL cells turned out to be a blessing in disguise as they naturally harbour KSHV in a latent form and that a lytic infection may be induced conditionally by treating them with
TPA [22] . Herein, we provide for the first time the Raman fingerprint of cells supporting KSHV reactivation. There are several advantages of using Raman tweezers to analyse biological specimens [21] of which the most important one with respect to the present study is the fact that it allows for the analysis of the sample without physically touching it, thereby leaving the cell in a less disturbed and more natural state [23] . Taken together, such an approach may well be exploited to understand a variety of viral infections with special emphasis to replication stages so that it may serve as a diagnostic tool in the near future. [24] .
Materials and methods

Cells
BCBL-1 and BCP-1 cells were used in this study. These cells were grown in phenol red-free RPMI medium (Invitrogen, Carlsbad, CA, USA) containing 10% charcoal stripped foetal bovine serum (FBS) (Atlanta Biologicals, Inc., Lawrenceville, GA, USA), L-glutamine and antibiotics
Transfection of cells with p16INK4A plasmid
Target cells were grown in six-well plates to a concentration of 1 ϫ 10 6 cells/ml. These cells were untransfected, transfected with the empty vector (pCDNA3.1) or transfected with p16INK4A/pCNDA3.1 (encoding the full length p16INK4A gene) [25] 
Synchronizing cells in different phases of cell cycle
We synchronized BCBL-1 and BCP-1 cells in G0/1 and S phase of cell cycle as per standard protocols [27, 30] [31] .
Analysing cells by Raman tweezers
A detailed description of the Raman tweezers is provided in our earlier study [32] [28, 30] . The above studies used cells sorted by flow cytometry [28] and serum starvation method [30] [35] .
Results
Cell cycle is a determining factor for KSHV reactivation
KSHV reactivation is still an enigma. Recent studies demonstrated that the cells in S phase of cell cycle provide KSHV with the apt environment for a productive lytic cycle of infection or reactivation
Expression of gB protein is an indicator of KSHV reactivation in BCBL-1 cells. Treatment of untransfected cells with TPA induced a significantly higher number of cells that supported a lytic infection as observed by the expression of gB (Fig. 1D).
Identical results were observed in cells that were transfected with empty vector and TPA induced (Fig. 1D) (Fig. 3A) . However, we determined 13 Ϯ 4% of cells to be dead in TPA-induced cells from S phase (Fig. 3A) . (Fig. 3B) . This was Raman band at 1050 cm Ϫ1 (Fig. 3B) . Interestingly, this band was not observed (Fig. 4A) . [35] . Forward-and side-scatter plot was used to gate the (Fig. 4C and D) . Identical results were observed in TPA-induced BCP-1 cells (data not shown) . These results were further confirmed by IFA using rabbit anti-gB antibodies (Fig. 4E) (Fig. 5A and B [32, [41] [42] [43] . TPA treatment of PEL cells transfected with p16INK4A/ pCDNA3.1 did not significantly enhance lytic infection when compared to the untransfected cells (Fig. 1) . The results from these transfection experiments supported the fact that the cells from S phase provide the optimal conditions for KSHV reactivation. These results support earlier findings by others and us [28, 30] [47] 1128* Vibrations of C-N in proteins and C-C in lipids [48] 1050 Indicator of electronic structure of the nucleotides [49] 
2B). Among the other subtle differences, the intensities of the Raman bands at 813 and 830 cm Ϫ1 were significantly altered in the nucleus of KSHV infected cells from S phase and TPA-induced cells from S phase when compared to cells from G0/1 phase (Fig. 2B and C). The intensities of the Raman bands at 813 cm Ϫ1 were significantly greater in cells from S phase when compared to those in cells from G0/1 and TPAinduced cells from S phase (Fig. 2C). The 813 cm Ϫ1 band intensity was significantly lower in TPA-induced cells from S phase when compared to cells from G0/1 and S phase (Fig. 2C). On the same note, the intensity of band at 830 cm Ϫ1 was significantly greater in TPA-induced cells from S phase when compared to cells from G01 and S phase (Fig. 2C). The Raman spectra for S phase cells treated with DMSO (the vehicle for TPA) was comparable to the one obtained for the cells from S phase (data not shown). Interestingly, the band intensities of the peaks at 785 and 1660 cm
Ϫ1 between the three groups of cells remained comparable demonstrating the specificity of the Raman signals. TPA treatment of cells results in an induction of a lytic infection in BCBL-1 cells. By 48 hrs after TPA induction, some cells start to show signs of death. In order to confirm that cells analysed by Raman tweezers were very much viable and not dead, we did two things as follows: (i ) analysed percentage dead cells by trypan blue test and (ii ) obtained Raman spectra of dead cells. Under our laboratory conditions, greater than 95% of cells were found to be viable in G0/1 and S phase
Under a bright field microscope, dead cells appear to have lost membrane integrity. We acquired the Raman spectra for such dead cells and found one unique peak that was significantly greater in them when compared to the viable cells in G0/1, S and TPA-induced cells from S phase
at the same intensity in cells from G0/1, S and TPA-induced cells from S phase (Fig. 3C). These results confirm the authenticity of our Raman bands for cells from G0/1, S and TPA-induced cells from S phase. Taken together, Raman tweezers successfully identified the crucial fingerprints of cells that have the propensity to support a lytic infection (cells from S phase).
Analysis of PEL cells specifically supporting KSHV reactivation by Raman tweezers
The key was to sort cells expressing gB, an envelope-associated protein termed as a 'late protein', which is a classic indicator of a lytic infection
Fig. 4 Flow cytometer was used to sort cells that were actively supporting Kaposi's sarcoma-associated herpesvirus (KSHV) reactivation (A) Schematic line drawing showing the experimental protocol involved in assessing the fingerprint of BCBL-1 cells supporting KSHV reactivation. Cells in S phase were TPA treated for 36 hrs. These cells were stained for the surface expression of gB and analysed in a FACScan flow cytometer. (B) A representative forward-and side-scatter plot of these stained cells is provided. (C, D) Cells in R3 were sorted to obtain cells that were negative and positive for surface gB expression. (E) These sorted cells were incubated sequentially with rabbit polyclonal antibodies to gB and FITC-anti
